microinjection/viability assays, bacterial cells were suspended at a concentration of 1 x 10 9 CFU mL -1 in Dulbecco's phosphate-buffered saline (Sigma-Aldrich) and phenol red (Sigma-Aldrich).
Generation of IL10R2 comp iHO. To restore expression of functional IL-10R2 in the IL-
10R2
Pat hIPSCs, we generated the AAVS1 EF1a-IL10R2-PGK-puro targeting vector by
Gibson assembly. The Gibson assembly product was transformed into OneShot TOP10
chemically competent E. coli (ThermoFisher) and positive colonies were picked. We Culture of primary iHO. Organoids were seeded into Matrigel (Corning) and overlaid with media consisting of 30% base growth medium: Advanced DMEM/F12 (Invitrogen), 2mM
GlutaMax (Invitrogen), 10 mM Hepes buffer (Sigma) and 50X B-27 serum-free supplement (Life Technologies); 20% R-Spondin 1 conditioned medium; 50% Wnt3a conditioned medium; with complete medium supplemented with 10mM Nicotinamide, 100 ng mL -1 Noggin (Peprotech), 1.25 mM N-acetyl-cysteine (Sigma), 50 ng mL
was added when organoids were manually disrupted. Organoids were passaged every 7-10 days by removal from Matrigel using Cell Recovery solution (Corning), centrifugation and removal of supernatant, manual disruption of remaining iHOs in base growth medium using a P200 pipette, centrifugation and re-plating in Matrigel. Medium was changed every 2-3 days.
Culture of murine organoids (iMOs). Mucosal tissue was harvested from wild type and
Il22ra1-/-mice and seeded for generation of small intestinal organoids according to the protocol described in Sato et al. (5) . Organoids were seeded into Matrigel (Corning) as described for hIPSC-derived organoids and overlaid with media consisting of 90% base growth media: Advanced DMEM/F12 (Invitrogen), 2mM GlutaMax (Invitrogen), 10 mM
Hepes buffer (Sigma), 100x N-2 supplement (Life Technologies) and 50X B-27 serumfree supplement (Life Technologies); 10% R-Spondin 1 conditioned media; with complete medium supplemented with 100 ng mL -1 Noggin (Peprotech), 1mM N-acetyl-cysteine (Sigma) and 50 ng mL -1 EGF (Invitrogen). 1 µM Y-27632 dihydrochloride monohydrate (Sigma) was added to media for seeding, but not for subsequent passaging. Organoids were passaged every 3-4 days by removal from Matrigel using Cell Recovery solution (Corning), centrifugation and removal of supernatant, manual disruption of remaining iMOs in base growth media, centrifugation and re-plating in Matrigel. Media was changed every 2-3 days.
Microinjections and invasion assays. Microinjection was carried out as previously described (6, 7) . For intracellular invasion assays, we modified the commonly used gentamicin protection assay (8) . The apical side of the iHO IECs is located on the inside of the spherical iHO structure, therefore microinjection provides a solution for introducing stimuli to this luminal surface. To perform microinjections, we used the Eppendorf TransferMan NK2-FemtoJet express system, with injections performed in an environmental chamber, to allow all injections to be carried out at 37°C and 5% CO2.
Bacterial cultures were diluted 1:1 with phenol red so that infected iHOs could be easily Immunostaining for confocal microscopy. iHOs grown on 4-well glass sterile chamber slides were fixed in 4% paraformaldehyde in phosphate buffered saline (PBS) for 1 h at room temperature, followed by 3 washes with PBS. Samples were blocked and permeabilised in 2% Triton X-100 (Sigma) in 5% Foetal Bovine Serum (FBS; SigmaAldrich) diluted in PBS for 2 h. Primary antibodies were applied overnight at 15°C in 0.25%
Triton X-100 in 5% FBS diluted in PBS, and then rinsed 3 times with PBS. Secondary antibodies were applied in the same manner. Typhimurium SL1344, gene expression of the IL-22 regulated genes CXCL2, DUOX2 and LCN2 is more highly upregulated than with IL-22 alone (Unpaired, two-tailed, Student's t tests). *, P < 0.05; **, P < 0.001; ***, P < 0.0001. Features used for scoring presented in Table 1 and Fig. 4 . Visual characterisation of SCV used for scoring presented in Table 1 (DUOX2) are significantly upregulated after addition of 100ng mL -1 rhIL-22 for 18 hours, in comparison to unstimulated iHOs (Unpaired, two-tailed, Student's t tests). *, P < 0.05; **, P < 0.001; ***, P < 0.0001; n.s., not significant. Data presented from four technical replicates. RT-qPCR was performed with a TaqMan gene expression assay specific for LCN2 or DUOX2 and analysed via the comparative C T method with GAPDH as an endogenous control. (G) Kolf2 iHOs challenged with IL-22 for 18 hours, or left untreated, and subsequently microinjected with S. Typhimurium SL1344, were examined for S100A9
(green) and DAPI (blue) by immunofluorescence (Original magnification: 20x). Top 25 biological processes identified by InnateDB enriched in Kolf2 iHOs after treatment with 100ng/ml rhIL-22 for 18h
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